ABSTRACT: Dietary constituents can affect cow acid-base physiology and uterine pH. Dietary cationanion difference (DCAD) has been shown to affect cow acid-base physiology, but the effect on uterine pH has not been demonstrated. The objective of this work was to determine if DCAD [(Na + K + 0.15Ca + 0.15Mg) − (Cl + 0.60S + 0.50P)] could affect cow DMI, acidbase physiology, and uterine pH, and second, to determine if dietary supplements could alleviate any negative effects of DCAD on these variables. In Exp. 1, 21 cows were utilized to determine the effect of a negative DCAD (−0.9 mEq/100 g of DM; low-DCAD) or positive DCAD (+25.0 mEq/100 g of DM; high-DCAD) diet on cow BW, DMI, and pH of blood, urine, and uterine flush fluid. In Exp. 2, 21 cows were randomly allotted to 1 of 3 treatments: control (−3.1 mEq/100 g of DM), molasses (+2.9 mEq/100 g of DM), or molasses+buffer (+25.8 mEq/100 g of DM) to determine if supplemental liquid molasses or liquid molasses with a buffer could alleviate the effects of a negative DCAD, forage-based diet. Cows were individually fed their respective diets for 42 d in both experiments. Cow BW, blood, urine, and uterine flush were collected on d 0, 21, and 42 during both experiments. Cow ADG was not different (P = 0.71) in Exp. 1 or Exp. 2 (P = 0.47). Hay DMI did not differ (P < 0.70) between high-DCAD and low-DCAD cows before d 28, but was greater (P < 0.001) for high-DCAD cows after d 28 in Exp. 1. In Exp. 2, mean hay DMI did not differ (P = 0.39) among treatments. In Exp. 1, a treatment × day interaction (P < 0.05) was apparent for blood, pH, base excess, bicarbonate, pCO 2 , and urine pH. Blood gas and pH measures peaked on d 21 for high-DCAD and declined from d 0 to 42 in low-DCAD cows. High-DCAD cows had greater (P = 0.08) uterine flush pH compared with low-DCAD cows. In contrast, during Exp. 2 there were no differences (P > 0.14) among treatments for blood, pH, base excess, pCO 2 , or uterine flush pH. Urine pH exhibited a treatment × day interaction (P < 0.0001). On d 21 molasses supplemented cow urine pH was greater (P < 0.0001) than control cows, whereas on d 42 molasses+buffer had greater (P = 0.01) urine pH compared with control and molasses cows. Dietary cation-anion difference and the use of molasses-based supplements had minimal effect on forage-fed beef cow DMI. However, DCAD has the capacity to alter forage-fed beef cow acid-base physiology and potentially affect uterine physiology.
INTRODUCTION
The dietary cation-anion difference (DCAD) characteristic of bahiagrass (Paspalum notatum) can be variable. This variability is a result of fluctuations in all 4 elements making up the core DCAD equation, Na, K, Cl, and S. In a previous study (Arthington et al., 2002) , bahiagrass fertilized with ammonium sulfate contained an average of 0.50% S (DM basis) compared with 0.21% for non-sulfur-containing fertilized pastures. Likewise, bahigrass pasture samples have been reported to have very small or negative DCAD values.
Unlike dairy cows, the effect of forage DCAD on the performance of grazing beef cows has received limited attention. For dairy cows nearing parturition, diets are often formulated to contain a negative DCAD (Block, 1994) to control hypocalcemia. The resulting acidic diet leads to a decrease in urine and blood pH and a concurrent increase in the mobilization of stored Ca (ApperBossard et al., 2006) . Acidic diets are also correlated with noticeable decreases in DMI in dairy cows (Vagnoni and Oetzel, 1998) and growing beef cattle (Ross et al., 1994a,b) .
Sufficient data demonstrates differences in DCAD translate to differences in blood acid-base (Pehrson et al., 1999) and urinary chemistry (Roche et al., 2003) . Additionally, demonstrated excess dietary CP decreased uterine pH. Considering the sensitivity of blood and urine acid-base chemistry to differences in DCAD and potential dietary manipulation of uterine pH, differences in DCAD could manifest in differences in uterine pH and negatively affect reproduction in beef cattle. Our hypothesis was that forages with negative DCAD values would affect beef cow DMI, acid-base physiology, and uterine pH. Therefore our objectives were to determine if negative DCAD of a forage-based ration could affect uterine pH and acidbase physiology in beef cows and if supplement treatments could alleviate the effects of a negative DCAD on beef cow acid-base physiology.
MATERIALS AND METHODS
The University of Florida Institutional Animal Care and Use Committee approved the use and methods implemented in these experiments.
Animal Management
Exp. 1. Twenty-four nonpregnant, nonlactating Brahman × British crossbred cows (initial BW = 521 ± 18 kg) were randomly assigned to 1 of 2 treatments. Treatments were bahiagrass hay from a field fertilized with ammonium nitrate (336 kg/ha) to result in a positive DCAD (high-DCAD) balance or bahiagrass hay from a field fertilized with ammonium sulfate (532 kg/ ha) to result in negative DCAD (low-DCAD) balance. Initial analysis of the hays indicated minimal difference in actual DCAD (Table 1) . Therefore, the diets were supplemented with Soy-Chlor (0.259 kg/d; West Central Cooperative, Ralston, IA) or Na-sesquicarbonate (0.132 kg/d) to create substantially different DCAD values (Table 2) . High-and low-DCAD treatments were supplemented with ground corn (0.84 and 0.94 kg/d, respectively) and soybean meal (0.32 and 0.10 kg/d, respectively) to meet energy and CP requirements of the cows. Dietary cation-anion difference was calculated using the equation of Goff and Horst (1997) [(Na + K + 0.15Ca + 0.15Mg) − (Cl + 0.60S + 0.50P)]. This equation was selected because it uses individual bioavailability values . This equation also places weighted values for each of the minerals that are not considered to be fully available for the participation of acid-base balance but still present in the forage.
All cows were housed in individual pens in a barn with concrete floors (15 m 2 ). Both hay types were ground with a tub grinder to pass a 3.5-cm screen. Cows were fed their ration once daily (0700 h) for 42 d. Hay and water were provided to for ad libitum intake throughout the entire experiment. Cows were withheld from feed and water for 16 h, and shrunk BW of the cows were measured at the initiation of the experiment (d 0) and the day after the conclusion of the experiment (d 43). Dry matter intake was measured daily for 5 d before initiation of the experiment (period 1), d 0 to 10 (period 2), and d 28 to 36 (period 3) of the experiment. Two cows from the high-DCAD and 1 cow from the low-DCAD were removed from the experiment because they would not consume the supplement.
Estrus was synchronized to eliminate the potential for uterine pH measurements being confounded by stage of the estrous cycle. To synchronize the estrous cycle of cows, all cows were administered intramuscularly (i.m.) 25 mg of PGF 2α (Lutylase, Pfizer, New York, NY) on d 0 and 11 of the trial. Assuming all cows responded to estrous synchronization, the day of uterine flushing would have been on d 6 or 7 of the estrous cycle.
Exp. 2. Twenty-one nonpregnant, nonlactating Braford cows (initial BW = 538 ± 41 kg) were randomly assigned to 1 of 3 treatments. Three treatments were 1) basal diet plus corn (control), 2) basal diet with molasses replacing corn (molasses), and 3) basal diet with molas- (NRC, 1996) . All cows were housed in individual pens in a barn with concrete floors (15 m 2 ). Limpograss hay was ground with a tub grinder to pass a 3.5-cm screen. Cows were fed their ration once daily (0700 h) for 42 d. Hay and water were provided to cows for ad libitum intake throughout the entire experiment. Cows were withheld from feed and water for 16 h, and shrunk BW of the cows were taken at the initiation of the experiment (d 0) and the day after the conclusion of the experiment (d 43). Dry matter intake was measured daily during the experiment. The daily Soy-Chlor offered was based upon the previous day hay DMI. The amount of SoyChlor was fed to maintain a constant DCAD (mEq/100 g of DM) according to the treatment protocol despite variation in daily hay DMI (Table 3) .
Similar to Exp. 1, all cows were synchronized to eliminate the potential for uterine pH measurements being confounded by stage of the estrous cycle. On d −17 all cows received a CIDR (Eazi-Breed CIDR, 1.38 g of progesterone, Pfizer Animal Health, New York, NY) and 100 µg i.m. of GnRH (100 µg i.m., Fertagyl, Intervet, Boxmeer, the Netherlands). On d −10, the CIDR were removed and all cows were injected i.m. with 25 mg of PGF 2α . On d 11 all cows were again administered 100 µg i.m. of GnRH. Assuming all cows responded to estrous synchronization, on day of uterine flushing (d 0, 21, 42) cows would have been on d 7, 14, and 14, respectively, of the estrous cycle.
Sample Collection and Analysis, Exp. 1 and 2
Blood, urine, and uterine flush samples were collected from all cows approximately 2 h after rations were offered on d 0, 21, and 42 of the experiment. Blood (10 mL) was collected by jugular venipuncture into a syringe. Whole blood samples were analyzed immediately for pH and blood gas concentrations [pCO 2 , bicarbonate, and base excess (BE)] using an Osmetech Opti CCA machine with Type B cassettes (Osmetech Inc., Roswell, GA). Base excess was calculated as BE = (1 − 0.014 × total hemoglobin) × [(1.43 × total hemoglobin + 7.7) × (pH − 7.4) − 24.8 + bicarbonate]. Urine samples were collected from cows as they entered the working facility. Urine was collected as spontaneous samples into plastic cups. Urine pH was determined using an Accumet AB15 pH meter (Fisher Scientific Co., Pittsburgh, PA) and combination probe. Uterine flush samples were collected by passing a sterile Foley 2-way, 18-French catheter (C. R. Bard, Covington, GA) into the uterus of the cow. Sixty milliliters of sterile saline was gently infused into the uterus through the catheter. Saline was allowed to equilibrate in the uterus for 90 s, and then flushed from the uterus through the catheter into a cup. Uterine flush pH was determined as described for urine. The pH of the sterile saline was use to standardize the pH calibration before measurement of the uterine flush. All hay for the entire feeding period in each experiment was ground on a single day, and random grab samples were obtained and composited. The composited hay sample was analyzed for TDN, CP, and mineral analysis at a commercial laboratory (Dairy One, Ithaca, NY). Corn, soybean meal, molasses, and SoyChlor chemical composition was obtained from published values (NRC, 1996) or commercial product compositional information.
Statistical Analysis, Exp. 1 and 2
All BW, ADG, DMI, blood, urine, and uterine data were analyzed as a completely random design using the MIXED procedure (SAS Inst. Inc., Cary, NC). The statistical model for performance parameters of BW, ADG, and DMI data included treatment; cow within treatment was the error term, and cow was the experimental unit. Data were analyzed within a defined period (Exp. 1) or week (Exp. 2). The statistical model for the physiological parameters of blood, urine, and uterine data included treatment, day, and treatment × day interaction; cow within treatment was the error term, and cow was the experimental unit. Blood, urine, and uterine data were analyzed using repeated measures analysis, with day of sampling as the repeated measure and cow within treatment as the random variable. The covariance structure utilized was first-order autoregressive. Because of missing observations for blood, urine, and uterine samples least squares means were utilized. For all data, differences among means were considered significant at P < 0.10. Differences were determined using preplanned pairwise contrasts when the treatment effect was significant.
RESULTS AND DISCUSSION

Cow Performance and DMI
Exp. 1. Neither initial nor final cow BW (Table 4) was different (P = 0.89 and 1.00) between high-and low-DCAD. Mean ADG was 0.08 kg/d during the 42-d experiment and did not differ between (P = 0.71) treatments. Before the initiation of the experiment (period 1), mean daily hay DMI was not different (P = 0.84, mean = 7.74 kg), nor was DMI (% BW; P = 0.95, mean = 1.45%), between treatments. During period 2, hay DMI was numerically less than period 1 in both treatments because of the addition of the supplement. Hay DMI (kg/d and % of BW) in period 2 did not differ (P = 0.70 and 0.56, respectively) between cows in the high-and low-DCAD. In period 3, high-DCAD cows had 13.5% greater (P = 0.01) hay DMI than low-DCAD cows. Similarly, during period 3 hay DMI (% of BW) was 11% greater (P = 0.04) for high-DCAD compared with low-DCAD cows. By experimental design, total daily DCAD intake was greater (P < 0.001) for high-DCAD (mean = 1,973 mEq/d) in each period compared with low-DCAD (mean = −560 mEq/d).
Exp. 2. Initial and final cow BW (Table 5 ) exhibited more variation than in Exp. 1; however, final cow BW did not differ among treatments (P = 0.48). Likewise, mean ADG was not different (P = 0.47) among treatments in Exp. 2. Mean ADG was 0.78 kg/d, which was considerably greater than in Exp. 1. Weekly hay DMI and hay DMI (% of BW) did not differ among treat- High-and low-DCAD treatments = 25.0 and −0.9 mEq/100 g of DM, respectively. Supplement amount offered was 1.30 kg/d (as-fed basis) for both treatments.
2 SEM = SE of mean, high-DCAD (n = 10), low-DCAD (n = 11). . Total DCAD intake calculated from hay and supplement intake.
ments (data not shown). Mean hay DMI across the 6 wk of the experiment was 6.99 kg/d and was not different (P = 0.39). Similarly, hay DMI (% of BW) was not different (P = 0.19; mean = 1.3%) among treatments. Mean total daily DCAD intake for cows fed molasses+buffer was greater (P < 0.0001) than cows fed the molasses treatment, which was greater (P < 0.0001) than control-fed cows.
Growing beef steers (Ross et al., 1994b) and finishing beef steers (Ross et al., 1994a) had increased DMI as DCAD [(Na + K) -Cl] increased from 0 to +45 mEq/100 g of DM during 84 d in the growing and finishing stages. Similarly, Tucker et al. (1988) reported that a DCAD [(Na + K) -Cl] of 0, +10, and +20 mEq/100 g of DM increased DMI of lactating dairy cows compared with cows consuming rations with DCAD values of −10 mEq/100 g of DM. Likewise, Vagnoni and Oetzel (1998) reported a 6.9% decrease in DMI by dry cows fed corn silage-alfalfa silage diets that had DCAD [(Na + K) -(Cl + S)] values of −5.1 compared with +20.3 mEq/100 g of DM. Experiment 1 DCAD values (−0.9 and 25 mEq/100 g of DM) are similar to the aforementioned studies. However, differences in DMI in Exp. 1 were not observed until period 3 after cows had been on treatment diets for 28 d. Roche et al. (2005) reported no difference in DMI of cows grazing pasture forage with DCAD [(Na + K) -(Cl + S)] values of +23 to +88 mEq/100 g of DM. Roche et al. (2005) indicated that altering pasture forage DCAD through fertilization has resulted in inconsistent effects on the final forage DCAD. In the current experiment, we experienced similar difficulty in altering forage DCAD through fertilization. In contrast, Charbonneau et al. (2006a) successfully altered timothy hay DCAD substantially through different soil K content (289 vs. 101 kg/ha) and CaCl 2 fertilization (140 kg of Cl/ha). The DCAD concentrations (−2.4 and 29.6 mEq/100 g of DM) utilized by Charbonneau et al. (2006a) are similar to the DCAD values utilized in Exp. 2 (control = −3.1 and molasses+buffer = 25.8 mEq/100 g of DM) of the current study, and both studies elicited no difference in DMI. In contrast, research using grass silage-based diets with DCAD [(Na + K) -(Cl + S)] (Charbonneau et al., 2006b ) values of −2.1 and 23.2 mEq/100 g of DM, which are also similar to Exp. 2 control and molasses+buffer treatments, reported an effect of DCAD on DMI of cows. A comparison of 2 positive DCAD [(Na + K) -(Cl + S)] diets resulted in no difference in DMI of dry dairy cows consuming hay-haylage diets (Delaquis and Block, 1995) . Jackson et al. (2001) reported no difference in DMI of young dairy calves consuming diets with DCAD [(Na + K) -(Cl + S)] values of 0 or +20.0 mEq/100 g of DM. Likewise, in Exp. 2, DMI did not differ between molasses and molasses+buffer treatments, which both had positive DCAD values. Hu et al. (2007) in a review of 21 experiments, reported peak DMI at DCAD values of 40 mEq/100 g of DM and an overall quadratic increase in DMI of dairy cow diets with increasing DCAD. An optimum DCAD [(Na + K + 0.15 Ca + 0.15 Mg) − (Cl + 0.60S + 0.50P)] range of +15 to +20 mEq/100 g of DM (Roche et al., 2000) has been indicated to positively affect DMI in dairy cows (Sanchez et al., 1994; Roche et al., 2005) . The high-DCAD (Exp. 1) and molasses+buffer (Exp. 2) treatments are near the upper limit of the optimum indicated range reported by Roche et al. (2000) whereas the other treatments (Exp. 1: low-DCAD; Exp. 2: control, molasses) fell outside this range. With the exception of Tucker et al. (1988) , differences in DMI were only apparent when DCAD values differed among treatments greater than 25 mEq/100 g of DM. In Exp. 1 of the current study, the DCAD difference between the high-and low-DCAD was approximately 25 mEq/100 g of DM, and the difference in DMI only occurred after d 28, whereas in Exp. 2, a DCAD difference of nearly 29 mEq/100 g of DM did not elicit a difference in DMI among treatments.
The influence of DCAD on DMI has a direct effect on the supply of nutrients for maintenance, growth, gestation, and lactation. Pehrson et al. (1999) indicated that differences in DCAD [(Na + K) -(Cl + S)] resulted in . Total DCAD intake calculated from mean hay and supplement intake.
decreased DMI and thus energy and protein consumed by cows. The decreased DMI associated with negative DCAD could be influenced by the resulting acid-base balance (Pehrson et al., 1999) or metabolic acidosis (Vagnoni and Oetzel, 1998). Generally, beef cattle do not suffer from clinical hypocalcemia, and thus a negative DCAD diet formulation is not addressed in production settings. Indeed, depression of DMI in beef cattle would be contraindicated to overall cow production and may contribute to depressed reproductive performance.
Blood Acid-Base Physiology
Exp. 1. Blood pH (Table 6 ) was greater (P = 0.02) in high-DCAD cows than low-DCAD cows. A treatment × day interaction (P = 0.02) existed for blood pH. High-DCAD cows had blood pH that was 0.05 and 0.04 pH units greater than low-DCAD cows on d 21 and 42, respectively. Other blood acid-base variables were affected by DCAD in Exp. 1 (Table 6 ). Greater BE in high-DCAD cows than low-DCAD cows on d 21 and 42 resulted in a treatment × day interaction (P < 0.001). Blood BE in high-DCAD cows increased (P = 0.02) nearly 3 mM from d 0 to 42, whereas low-DCAD cows decreased 1.65 mM. Blood bicarbonate values demonstrated a treatment × day interaction (P < 0.001). Concentrations of blood bicarbonate increased with days on feed in the high-DCAD cows, whereas bicarbonate did not change in low-DCAD cows. Blood pCO 2 exhibited a treatment × day interaction (P = 0.05). High-DCAD pCO 2 increased from d 0 to 21 and was intermediate on d 42, whereas low-DCAD pCO 2 remained consistent across the 42-d feeding period. The increase in high-DCAD pCO 2 was likely a reflection of the adaptation to the buffer supplement.
Exp. 2. Blood pH (Table 7) did not differ (P = 0.64, mean = 7.36) among treatments as a result of DCAD. Blood pH did increase (P = 0.03) with increasing days on feed. Blood pH remained remarkably consistent in the molasses and molasses+buffer treatments across the 42-d feeding period. In fact, blood pH was numerically more variable among sampling dates in the control diet. Other blood gas measurements of BE (P = 0.15) and blood bicarbonate (P = 0.23, Table 7) were not affected by the DCAD supplement. Blood BE generally increased (P = 0.05) in all treatments with increasing days on feed. On d 21, mean blood BE was greater (P = 0.01) compared with d 0 BE concentration. Base excess is a calculated value that utilizes pH and bicarbonate in the calculation. The increase in BE is driven by the increases in blood pH and bicarbonate after d 0. On d 42, mean BE did not differ (P = 0.12) from d 0 or 21. Likewise, blood bicarbonate increased after d 0 in all 3 treatments. On d 21, mean blood bicarbonate concentration was greater (P = 0.002) than d 0, but did not differ from d 42 (P = 0.28). These trends are similar to the high-DCAD in Exp. 1; however, the low-DCAD in Exp. 1 exhibited moderate decreases in BE and bicarbonate concentrations. In contrast, blood BE and bicarbonate concentrations of the control cows in Exp. 2, which had a negative DCAD value, were generally not decreased by the negative DCAD. Differences in pCO 2 were not apparent (P = 0.57) among control, molasses, or molasses+buffer treatments on any day of the experiment (P = 0.17).
Blood pH is a highly regulated physiological property, and no effect of DCAD on blood pH has been 1 SEM = SE of mean, high-DCAD (blood pH and blood gas, n = 10; urine pH, n = 8; uterine pH, n = 7), low-DCAD (blood pH and blood gas, n = 11; urine pH, n = 9; uterine pH, n = 9).
previously reported (Vagnoni and Oetzel, 1998; Pehrson et al., 1999; Jackson et al., 2001 ). However, beef steers during the growing phase (Ross et al., 1994b) and finishing phase (Ross et al., 1994a) had decreased blood pH by 42 d on feed as DCAD decreased from +45 to 0 mEq/100 g of DM. Likewise, Roche et al. (2005) observed a linear decrease in blood pH as DCAD of grazing cows decreased from +88 to +23 mEq/100 g of DM. In contrast, Xin et al. (1991) reported no difference in blood pH during the fourth week of a feeding trial, but reported differences in blood pH at the eighth week in dairy calves consuming rations with DCAD [(Na + K) -(Cl + S)] values of +16.9 and −10.9 mEq/100 g of DM. The magnitude of the DCAD difference among treatments in the current work was approximately 26 and 29 mEq/100 g of DM in Exp. 1 and 2, respectively. The DCAD difference in Exp. 1 was less than the difference in previously published reports that demonstrated blood pH differences. However, the DCAD difference in Exp. 2 was similar to that of Xin et al. (1991) , which demonstrated mixed results of DCAD on calf blood pH. The difference between the results of Exp. 1 and 2 could originate from several sources. First, fewer cows per treatment were utilized in Exp. 2 compared with Exp. 1. Additionally, the variation associated with blood pH was greater in Exp. 2 compared with Exp. 1. Increased blood bicarbonate concentration has been reported in response to increasing DCAD in diets of growing beef steers (Ross et al., 1994a,b) and dairy cows (Roche et al., 2003 (Roche et al., , 2005 Charbonneau et al., 2006a,b) . In contrast, Pehrson et al. (1999) reported no difference in blood bicarbonate concentration after 2 or 3 wk of cows consuming diets that differed in DCAD by over 2,000 mEq/d. The current research had mixed results for the effect of DCAD on blood bicarbonate. In Exp. 1, bicarbonate concentration would appear to be associated with the negative DCAD and a concomitant transition to a less positive BE. However, in Exp. 2 the increase of bicarbonate in control cows in light of the maintenance of the DCAD is puzzling, but it is coupled with a transition to a positive BE. Roche et al. (2005) reported a linear decline of blood BE concentration in grazing cows in response to oral drenching to increase DCAD values of +23, +45, +70, or +88 mEq/100 g of DM. Vagnoni and Oetzel (1998) reported negative BE in cows fed diets formulated for DCAD of −4.0, −5.1, and −6.3 mEq/100 g of DM compared with positive BE in cows offered control diets that had a DCAD value of +20.3 mEq/100 g of DM. Base excess response in Exp. 1 was similar to the previous reports in that BE decreased in the low-DCAD cows compared with high-DCAD cows. In contrast in Exp. 2, negative DCAD (control) and low DCAD (molasses treatment) diets did not depress BE relative to positive DCAD (molasses+buffer treatment). Interestingly, Pehrson et al. (1999) observed no decline in blood BE concentration of cows after 3 wk on a forage-based diet with total DCAD consumption of +2,275 or −262 mEq/d. Once Table 7 . Effect of high-and low-dietary cation-anion difference (DCAD) on mature beef cow blood acid-base physiology, urine, and uterine pH (Exp. 2) 1 SEM = SE of mean, control (blood pH and blood gas, n = 5; urine pH, n = 7; uterine pH, n = 5), molasses (blood pH and blood gas, n = 5; urine pH, n = 6; uterine pH, n = 6), molasses+buffer (blood pH and blood gas, n = 6; urine pH, n = 7; uterine pH, n = 5). DCAD values reached −1,185 mEq/d, blood BE concentration decreased by 2.75 mM. Mean DCAD intake in Exp. 2 of molasses+buffer and control cows was similar to Pehrson et al. (1999) and produced similar results regarding BE. In Exp. 1, a mild metabolic acidosis was likely produced in response to acidification of the diet. The acidosis was adequately compensated for by the observed changes in blood bicarbonate and BE, but did not include a respiratory mechanism, evidenced by the maintenance of pCO 2 (Vagnoni and Oetzel, 1998) .
Urine and Uterine Response
Exp. 1. Urine pH (Table 6 ) was responsive to DCAD in both treatments. Urine pH increased in high-DCAD cows and decreased in low-DCAD cows (treatment × day, P < 0.001). The decrease of urine pH by 1 unit in low-DCAD cows demonstrates the capacity of the body to disseminate an acid load from the blood into other body tissues and fluids.
Cows in the high-DCAD had greater (P = 0.08) uterine pH compared with low-DCAD cows (Table 6 ). Days on feed tended (P = 0.11) to influence uterine pH. On d 0 uterine pH did not differ (P = 0.77) between treatments. In high-DCAD cows, uterine pH tended (P = 0.12) to be greater than low-DCAD cows after 21 d of consumption of the experimental diets. On d 42 of the experiment, uterine pH was greater (P = 0.04) for high-DCAD than low-DCAD cows.
Exp. 2. Similar to Exp. 1, urine pH of cows in Exp. 2 was responsive to DCAD treatments (Table 7) . A treatment × day interaction (P < 0.0001) existed for urine pH. On d 0, urine pH did not differ (P = 0.19) between control and molasses-supplemented treatments, but urine pH differed (P = 0.06) for the molasses and molasses+buffer treatments. On d 21, urine pH was less (P < 0.0001) for control compared with cows fed molasses and molasses+buffer, which were similar (P = 0.32). However on d 42, the molasses+buffer treatment had greater (P < 0.01) urine pH than control or molasses treatments, which did not differ (P = 0.21).
Uterine pH in Exp. 2 (Table 7) did not differ (P = 0.27) among treatments (mean = 6.31) as a result of different DCAD values. Likewise, uterine pH was not different (P = 0.18) across days of the experiment. All treatments increased uterine pH by 0.20 units at d 21 for control and molasses+buffer treatments or on d 42 for the molasses treatment. The uterine pH data in Exp. 2 are within the range of those observed in Exp. 1. However, the number of experimental units was decreased in Exp. 2. The decrease in the number of cows per treatment in Exp. 2 coupled with the variation in measurement of uterine pH may have masked any treatment differences. Vagnoni and Oetzel (1998) and Jackson et al. (2001) reported differences in urine pH between positive and negative DCAD diets similar to those observed in Exp. 1 and 2 of the current study. The increase in urine pH of control cows in Exp. 2 from d 21 to 42 is not readily explainable considering the cows were consuming a diet that was −3.1 mEq/100 g of DM and mean total DCAD intake of −100 mEq/d. In comparison, in Exp. 1 low-DCAD (−0.9 mEq/100 g of DM) cows had decreased urine pH after d 0, which did not increase across the 42-d feeding period. The feeding regimen implemented in Exp. 2, adjusting the amount of a supplemental anionic salt to account for differences in daily hay DMI, was used to result in a constant intake (mEq/100 g of DM) of a negative DCAD diet. Indeed, the amount of supplemental anionic salt provided increased with increasing days on feed during Exp. 2. Thus, the increase in urine pH on d 42 would be contrary to the effect of DCAD intake. and observed increases in uterine pH (6.8 to 7.1) from d 0 to 7 of the estrous cycle associated with normal uterine physiology. However, Hugentobler et al. (2004) reported only a trend for uterine pH to decrease from 7.21 on d 6 to 7.14 on d 14 of the estrous cycle. Uterine pH has also been reported to be less for cows exhibiting estrus compared with cows not exhibiting estrus (6.73 vs. 6.99; Nelson et al., 2006 Nelson et al., , 2007 Lares et al., 2008) . The abovementioned research highlights the physiological shift in uterine pH regardless of a direct nutritional influence. The current study and the previous work by and Butler (1998) indicate that nutritionally induced changes of the uterine environment are feasible. The uterine pH reported in the current study is less in both experiments compared with the uterine pH values previously reported Hugentobler et al., 2004) . Uterine pH decreased by 0.30 units in heifers and 0.23 units in cows when they were fed high protein diets compared with normal and balanced protein diets. In the experiments of , greater protein concentrations and thus greater plasma urea nitrogen affected uterine pH in the absence of a blood pH effect.
Regulation of uterine pH relative to systemic blood pH has been previously reported Hugentobler et al., 2004) . Uterine pH was 0.45 units less than blood Hugentobler et al., 2004) on d 6 to 8 of the estrous cycle. In contrast, balanced protein treatment uterine-blood pH differential of heifers was only 0.25 units less on d 7 of the estrous cycle ). In the current study, a uterine-blood pH difference on d 42 did occur, but the magnitude of the differential was greater than those of and Hugentobler et al. (2004) . In Exp. 1, the uterine-blood differential was 1.28 units for the low-DCAD cows compared with 1.07 for high-DCAD cows. In Exp. 2, control cow uterine-blood differential was 1.14 compared with 0.99 for molasses and molasses+buffer cows. The results of Exp. 2 are in conflict with Exp. 1 that investigated the effect of DCAD on cow performance and acid-base physiology. Cow BW and DMI variables were not different as a result of treatments utilized in Exp. 2. It was expected that a negative DCAD of −3.1 mEq/100 g of DM would have produced a response in DMI, blood pH, blood gases, and especially urine pH for the control cows similar to Exp. 1 low-DCAD. The basal diet in Exp. 2, which included similar dietary ingredients, had a DCAD of −5.6 mEq/100 g of DM, the addition of the corn altered the DCAD of the control ration to −3.1 mEq/100 g of DM.
In light of the inability of the negative DCAD control diet to produce a response after d 0, no significant responses from molasses and molasses+buffer would then be expected. The results reported here for Exp. 2 are puzzling in light of the results of our Exp. 1. A factor or factors that would have exerted any effect to result in the minimal differences observed is not obvious at this time.
Dietary cation-anion difference has the capacity to alter DMI of forage-fed mature beef cows. However, the magnitude of the effect was variable between experiments. Cow blood acid-base physiology is sensitive to DCAD and is likely one of the mechanisms used to adapt to DCAD loads. Likewise, urinary physiological mechanisms are incorporated into the DCAD response. Subtle changes in blood pH and systemic homeostasis could potentially affect uterine environment pH. Additional research is required to fully elucidate the impact of DCAD on uterine tissues and reproduction.
